Background: Poorer survival from endometrial cancer in blacks than in whites is well-documented. The
Endometrial cancer is the most common gynecologic cancer in the U.S. with more than 43,000 new cases per year. There is a large disparity in outcomes between blacks and whites (1): while the annual incidence rate for black women is lower than that for whites, 20.6 vs 24.4 per 100,000, the mortality rate is almost twice as high, 7.2 vs 3.9 per 100,000 (2) . Among women aged >65, both incidence (88.5 vs 83.0 per 100,000) and mortality are higher (43.5 vs 20.8 per 100,000) in black women (3). The reasons for this disparity in survival have been investigated in a number of studies. Black women are diagnosed with later stage, higher grade disease and with the more lethal histologic types; however, survival is less favorable at every stage, grade, and for every histologic type (4) (5) (6) (7) (8) . Results from clinical trials, with uniform eligibility requirements and treatment, also show poorer outcomes for black women, suggesting unknown biological differences in hosts or tumors (9) . Consistent with differences in histologic types, endometrial tumors in black women have less favorable molecular features (10) (11) (12) (13) .
One aspect of this disparity in survival that has not been thoroughly considered is the presence of co-morbid medical conditions and their influence on survival. In particular, diabetes and hypertension are more prevalent in blacks than in whites (14) and some studies suggest that presence of diabetes is associated with poorer survival in women with endometrial cancer (15) (16) (17) (18) . We used the population-based SEER-Medicare database to assess the influence of medical conditions on overall and disease-specific survival in older women with endometrial cancer and to determine if these factors explained part of the disparity in outcome between blacks and whites.
MATERIALS AND METHODS

Data sources
Our sample was obtained from SEER cancer registry data linked with Medicare claims. SEER, a program of the National Cancer Institute, is a consortium of population-based cancer registries in 17 regions of the US, covering about 28% of the US population. For all incident cancers in their coverage areas, the SEER registries collect data regarding the site and characteristics of disease (stage, grade, histology), the first course of cancer-directed therapy, prior cancer diagnosis, and sociodemographic characteristics (age, race, Hispanic ethnicity, marital status). SEER registries also conduct active followup for date and cause of death. For cancer patients aged >65 residing in SEER areas, Medicare claims have been linked to SEER files. Medicare is the primary health insurer for 97% of Americans age 65 and over, covering inpatient hospital care (Part A) and outpatient care and physician services (Part B).
Compared with the US elderly population, the SEER-Medicare population has similar age and sex distributions, but has a smaller proportion of non-whites and a higher proportion living in urban and affluent areas (19) .
Study cohort
In the SEER-Medicare database, we identified all women age 66 and older diagnosed with endometrial cancer (ICD site 54.1 or 54.9) between 2000 and 2005. We excluded women aged 65 at diagnosis to ensure at least one full year of Medicare claims prior to diagnosis for identifying comorbid conditions. Women who were diagnosed only at the time of death, who were enrolled in a managed care plan before diagnosis or at any time after diagnosis, or lacked complete Medicare coverage (Parts A and B) were excluded. We included only women identified by SEER as non-Hispanic white or black.
Comorbid conditions
The conditions of interest were diabetes, hypertension, and other comorbid illness. We used a validated algorithm (20) to determine presence of diabetes based on Medicare claims within the two years prior to endometrial cancer diagnosis (or within one year prior to diagnosis for women aged 66 at diagnosis). Hypertension was defined by the presence of two Medicare claims at least 30 days apart containing ICD9 codes 401, 402, 403, or 404. Information about "other comorbid conditions" was obtained using an adaptation of the Charlson Index (21), based on both inpatient and outpatient claims.
The time frame for both hypertension and other conditions was >1 month and <1 year before Table 2 ). These included surgical procedures, radiation therapy, and chemotherapy. Marital status, geographic region, and year of endometrial cancer diagnosis were identified from SEER. Information on education and income was not available for individuals but was estimated from census tract data.
Statistical analyses
The characteristics of black and white women with endometrial cancer were compared with respect to demographic, tumor, and treatment characteristics and presence of diabetes, hypertension, and other comorbid conditions using χ 2 statistics. We also compared women with and without diabetes, hypertension, and other conditions with respect to tumor characteristics and treatment. Kaplan-Meier methods were used to describe overall and endometrial cancer specific survival in blacks and whites.
We also compared the cumulative incidence of endometrial cancer death in white and black women, treating deaths from other causes as a competing risk (22) . Hazard ratios (HR) were estimated from Cox proportional hazards models for overall and disease-specific survival for black and white women separately, with adjustment for factors related to demographics, tumor characteristics, and treatment.
Interactions between race and diabetes, hypertension, and other conditions were evaluated by adding 6 interaction terms to models including all women. Cox models were also used to evaluate overall survival and endometrial cancer specific survival for black women relative to whites. In these analyses, covariates related to age, tumor characteristics and treatment, demographics, and year of diagnosis were included in the model, followed by addition of diabetes, hypertension, and other conditions.
"Unknown" variables were included as separate categories in multivariate analyses. The proportional hazards assumptions were met in our data.
RESULTS
Characteristics of black and white patients with endometrial cancer
There were 11,610 white and 958 black women in the cohort. Black women were younger than white women, were more likely to be unmarried (70% vs 54%) and to live in neighborhoods with low median income (62% vs 20%) and low educational attainment (74% vs 28%) ( Table 1) . They were more likely to live in urban areas (91% vs 84%) and in the South (35% vs 14%). As expected, tumors in black women were higher stage and higher grade and were less likely to be type I endometrial carcinoma.
Black women were considerably less likely to have had surgery (74% compared to 89% of whites) and more likely to have been treated with radiation (41% vs 36%) or chemotherapy (19% vs 14%). Black women were more likely to have diabetes (41% vs 22%) and hypertension (73% vs 52%) as well as one or more other comorbidities (29% vs 20%); they were less likely to have had a previous cancer diagnosis (7% vs 12%).
Clinical characteristics of patients with and without diabetes, hypertension, and other conditions
Patients with diabetes or other conditions were somewhat less likely to be diagnosed at the earliest stage, and those with other conditions were less likely to have the lowest grade tumors (Table   2 ). In general, the differences observed were small and statistical significance was partly due to higher proportions of those with unknown tumor characteristics among those with diabetes or other conditions. Presence or absence of hypertension was not related to tumor characteristics. Women with 
Diabetes, hypertension, and other conditions and survival
With median follow-up of 3.5 years, there were 5,123 deaths including 1,691 from endometrial cancer. As shown in Table 3 , diabetes was associated with death from any cause in both racial subgroups: adjusted HR=1.27 (95% CI 1.18-1.36) and adjusted HR=1.30 (95% CI 1.08-1.56) for whites and blacks, respectively. Poorer overall survival was also found in those with a Charlson score >2, with adjusted HR=1.62 (95% CI 1.46-1.80) and HR=1.81 (95% CI 1.42-2.32) for whites and blacks, respectively.
Hypertension was related to more favorable survival in black women: HR=0.74 (95% CI 0.60-0.92) but was not related to survival in white women: adjusted HR=0.94 (95% CI 0.89-1.01).
For death from endometrial cancer, diabetes was associated with poorer outcomes among white women (HR=1.19, 95% CI 1.06-1.35) but not among black women (HR=0.97, 95% CI 0.73-1.30); the interaction between race and diabetes was not statistically significant (p=0.16). Hypertension was not associated with cancer-specific survival in white women (HR=1.07, 95% CI 0.96-1.19). Black women with hypertension had somewhat better cancer-specific survival than those without hypertension, although this association was not statistically significant (HR=0.76, 95% CI 0.55-1.05). The interaction between hypertension and race was statistically significant (p=0.007). Other comorbid conditions were not significantly related to cancer-specific survival in either group (Table 3) .
Survival in black women compared to white women
Both overall and disease-specific survival were considerably poorer for black women than for whites ( Figure) . The survival advantage for whites was also evident in a competing-risk analysis, where the cumulative incidence of endometrial cancer death was greater for black women than white women (p<0.001). For overall survival, the unadjusted hazard ratio for blacks compared to whites was 1.86 (95% CI 1.71-2.04), shown in 
DISCUSSION
In this large population-based cohort of older black and white women with endometrial cancer, diabetes was associated with poorer overall survival in all women and was related to poorer diseasespecific survival only in white women, controlling for disease and sociodemographic characteristics and cancer treatment. Presence of hypertension was associated with improved overall survival in blacks, but hypertension was not related to outcomes in white women. Other comorbid conditions affected overall survival but not disease-specific survival. After accounting for diabetes, hypertension, and other conditions, both overall and disease-specific survival remained less favorable for blacks compared to whites, with a larger difference in disease-specific survival than in overall survival. Some earlier studies have found, as we did, that diabetes is related to poorer overall survival after an endometrial cancer diagnosis (15-18), while others have not found a difference (23, 24) . Fewer studies have reported on disease-specific survival: Folsom et al (17) found poorer survival for those with diabetes, as we did, while Chia et al (18) found no association. Patients in these studies were located by medical record review or took part in case-control studies, resulting in a larger age range than in our study. These studies did not report on the racial composition of their patient groups, but given their locations (Europe, Pittsburgh, or the Midwest) it is likely that they were almost entirely white. One prior Insulin and the related insulin-like growth factor (IGF1) are strongly mitogenic to endometrial tissue (25) , providing a biologic rationale for the observation that diabetes is a risk factor for endometrial cancer. Whether diabetes is a risk factor for black women is not established as there are currently no studies of risk factors in black women. In endometrial cancer cell lines, estradiol upregulates IGF1 to increase proliferation in established tumors in vitro (26) , likely leading to more aggressive tumors and poorer outcomes; whether these relationships are the same in blacks and whites is not known. We note that there are other differences between blacks and whites in diabetes-related diseases. For example, the metabolic syndrome is a risk factor for development of diabetes as well as cardiovascular disease. Although blacks are at higher risk of diabetes than whites, they are unlikely to share two of the five established markers of metabolic syndrome, high triglycerides and low high-density lipoprotein cholesterol (27) . In addition, among patients receiving dialysis for end stage renal disease, most of whom have an underlying diagnosis of diabetes, blacks have more favorable survival than whites (28) . Overall, there is a good deal that is not known about potential racial differences in the biologic effects of diabetes.
The SEER-Medicare database is large, population based, and includes extensive data on disease characteristics, treatment, and demographic characteristics. Since the median age at diagnosis of endometrial cancer is 62 in white women and 63 in blacks and 58% percent of women with endometrial cancer are diagnosed before age 65 (2), the results found here among women age 66 and over may not be generalizable to all endometrial cancer patients.
The finding that black women with hypertension had improved overall survival was surprising.
Overall, the findings related to hypertension should be interpreted cautiously. Because diabetes and hypertension are primarily treated with outpatient prescription medications, which were not covered by 
Medicare prior to 2006, we were unable to identify which women received treatment for these conditions or to determine how well their conditions were controlled.
Because of the strong association of endometrial cancer with overweight and obesity and the association of high body mass index with diabetes and hypertension, we expected relatively high proportions of women with these conditions in this cohort. Twenty-two percent of white women and 41% of blacks met the criteria for diabetes (20) . In comparison, the prevalence of diagnosed diabetes was 14% in whites and 28% in blacks in non-Hispanic women aged >65 in recent data from National Health and Nutritional Examination Survey (NHANES) (29) , based on a question as to whether participants were ever told they had diabetes by a doctor or other health professional. For hypertension, the proportion observed in this cohort, 52% in whites and 73% in blacks, was lower than that observed in recent NHANES data, where among white and black women aged >60, about 68% and 84%, respectively, were found to have hypertension based on blood pressure measurements taken during the study examination (30) . Our claims-based algorithm, requiring two claims for hypertension 30 days apart, may have identified only the more serious cases.
Although we did not adjust for the type of hospital where care was received or the type of surgeon, other work using the SEER-Medicare database has shown that blacks are more likely to be treated at NCI-designated cancer centers for endometrial (31) and other cancers (32) . Black women with endometrial cancer are also more likely than whites to have surgery performed by a gynecologic oncologist (31) . The reason for this is likely to be that blacks in the SEER-Medicare database are primarily residents of urban areas where they have access to care at NCI cancer centers and by appropriate specialists (31) . Including variables related to type of hospital or surgeon would be unlikely to affect our comparisons between racial groups. In a population-based cohort of older women with endometrial cancer, we found that diabetes was related to poorer disease-specific survival among white women but not among blacks. The disparity between black and white women in both overall and disease-specific survival was not accounted for by presence of diabetes, hypertension, or other comorbid conditions. The differences we found for endometrial cancer specific survival among white and black women, along with results from clinical trials showing less favorable outcomes for black women (9), provide support for the hypothesis that there are unknown biologic differences between black and white patients that account for the observed disparity in survival from endometrial cancer. 
